An efficient stereoselective synthesis of norcembrenolide B (8) and scabrolide D (9) is reported. The strategy is inspired by biogenetic relationships of related cembrenoids. Central to this approach is the construction of norbipinnatin J which upon selective C2 deoxygenation and C8 oxygenation produces norrubifolide and norcoralloidolide A. A sequence of site-selective oxidations and skeletal reorganizations then yields, in a divergent manner, compounds 8 and 9. The studies allow revision of the proposed structure of scabrolide D (9), which is identical to norcembrenolide C.
Gorgonian octocorals and soft corals, particularly those of the genus Sinularia, have been recognized as a rich source of natural products containing the 14-membered cembrane skeleton (Figure 1) . 1 Proposed to be utilized by the corals as a chemical defense against predation, these natural products display an intriguing array of biological and pharmacological activities. 2 For example, members of the bipinnatin subfamily have been evaluated as active-sitedirected inhibitors of nicotinic acetylcholine receptors. Various norcembrenolides were found to exhibit low micromolar cytotoxicities against several cancer cell lines. 3 More recently, sinuleptolide (7) and scabrolide D (9) were shown to inhibit LPS-induced TNF-R production in a dose-dependent manner. 4 Norcembrenolides A (7), 5 B (8), and C (9) were isolated by Fenical et al. from several Sinularia species collected in Palau. 6 Certain members of this family were also isolated by Sheu et al. from the Taiwanese soft coral S. scabra and were named scabrolides. 3a,7 From a biosynthetic standpoint, these compounds are proposed to derive from the furanocembrenoids, in which a furan (C3ÀC6) and a butenolide C10ÀC20) are embedded in the 14-membered cembrane macrocycle (see structure of rubifolide, 1). to give access to oxygenated furanocembrenoids like 2 9 and 3.
10 Further oxidation at the furan ring followed by oxidative decarboxylation of the C4 methyl group could account for the formation of norcembrenolides. Inspired by the combination of interesting chemical structures and unexplored bioactivities and guided by the proposed biosynthesis, we sought to develop a divergent synthesis toward this family of compounds.
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Here we describe the first synthesis of norcembrenolides B (8) and C (9). Our results also revise the proposed structure of scabrolide D, which is in fact identical to that of norcembrenolide C.
Scheme 1 highlights the key elements of the strategy as applied to the synthesis of norcembrenolide B (8) . A sequence of deoxygenation at the C2 center followed by a selective oxygenation at the C8 center and furan oxidation/cyclization would form 8 from norbipinnatin J (6). The central cembrane skeleton could be constructed from aldehyde 10 and butenolide 11 using well established Stille and KishiÀNozaki couplings.
12
The synthesis began with 3-butyne-1-ol, containing the C7ÀC10 cembrane fragment (Scheme 2). A sequence of six steps, based on Trauner's strategy, 12a afforded the racemic vinyl iodide 11 in 28% overall yield. 13 Coupling of 11 with furfural stannane 10 under Pd(0) conditions produced aldehyde 12 in 78% yield. In preparation for the KishiÀNozaki coupling the allylic alcohol of 12 was first converted to allyl bromide 13 using Appel bromination 14 that upon treatment with CrCl 2 /NiCl 2 produced norbipinnatin J (6) as the major diastereomer in 82% yield. 15 The relative stereochemistry of 6 was unambiguously confirmed via a single crystal X-ray analysis (Figure 2) . 16 Deoxygenation of the C2 hydroxyl group was achieved using TFA/Et 3 SiH 12a,17 to afford norrubifolide (4) in 97% yield.
Compound 4 represents a branching point of our strategy (Scheme 3). The X-ray of 4 shows a rigid structure that is amenable to regioselective functionalizations at both the C7ÀC8 and C11ÀC12 double bonds (Figure 2) . The best way to achieve a selective oxygenation at C8 was found to be a dihydroxylation of the C7ÀC8 double bond, followed by deoxygenation of the C7 hydroxyl group. The dihydroxylation reaction proceeded best under Upjohn conditions 18 (OsO 4 , NMO) and afforded diol 14 as a single isomer in 64% yield. As predicted, the hydroxyl groups were introduced from the sterically more accessible β-face of the cembrane ring (Figure 3) . Deoxygenation under Et 3 SiH/BF 3 •Et 2 O conditions 19 then produced compound 15 in 51% yield. Conversion of the furan to the β-keto-tetrahydrofuranone was accomplished utilizing the Jones reagent. It is believed that the transformation begins with an initial oxidation of the furan to an intermediate Z-ene-dione structure (Figure 4) . 20 The tertiary alcohol, under acidic conditions, then quickly cyclizes in a 5-exo-trig fashion, producing norcembrenolide B (8) in 50% yield. The structure of 8 was confirmed via crystallographic studies (Figure 3) .
Our synthesis diverges with a selective oxidation of 4 using anhydrous TBHP and catalytic Triton B 21 affording norcoralloidolide A (5) in 99% yield. As expected this epoxidation proceeded selectively from the R-face of the butenolide motif. The structure of 5 was unambiguously confirmed via a single crystal X-ray analysis (Figure 3 ). Further manipulation of 5 using the conditions described above gave rise to norcembrenolide C (9) in three steps and 17% overall yield. Interestingly, the proposed structure of scabrolide D, as reported by Sheu et al., 7 had a relative stereochemistry in which the epoxide moiety is on the same face as the lactone oxygen (see Figure 5) . Spectroscopic ( 1 H and 13 C NMR) comparison of synthetic 9 taken in CDCl 3 with the data reported for scabrolide D 7 reveals that the structures are identical. Moreover, X-ray crystallographic analysis of synthetic 9 confirmed the structural identity of scabrolide D leading to the revision of its relative stereochemistry at the C11 and C12 centers, with the epoxide occurring on the opposite face in regard to the lactone oxygen. It was previously unrealized, but in fact, scabrolide D is identical to norcembrenolide C (9) which was studied in benzene-d 6 and was first reported by the Fenical group 6 several years earlier.
In conclusion, we present here a divergent strategy for the synthesis of norcembrenolides B (8) and C (9), two members of a family of structurally complex marine natural products with potent and largely unexplored biological properties. Our approach utilizes highly substratecontrolled modifications and allows an efficient, stereoselective and protecting-group-free access to this scaffold. Our results also establish that norcembrenolide C (9) is structurally identical to scabrolide D. The overall strategy paves the way for a methodical evaluation of the structureÀactivity relationship and chemical biology of this family of natural products.
